Background {#S0001}
==========

The coronavirus disease 2019, SARS-COV-2 (the cause of COVID-19), has led to a worldwide shortage of personal protective equipment (PPE) (Baker and Sullivan [2020](#CIT0004); CDC March 12, [2020a](#CIT0006)) and an increased stress on hospital resources (Kamal et al. [2020](#CIT0019); Root [2020](#CIT0026)), which has resulted in a spike in the anxiety of the frontline healthcare workers (Adams and Walls [2020](#CIT0002)). Although COVID-19 mainly affects the respiratory system, there are reports of neurological effects such as encephalopathy, encephalitis, acute cerebrovascular events (Zhou et al. [2020](#CIT0033); Mao et al. [2020](#CIT0023); Rabin April 1, [2020](#CIT0025); Chen et al. [2020](#CIT0015); Li et al. [2020](#CIT0022); Talan March 27, [2020](#CIT0029); Talan April 1, [2020b](#CIT0030); Gupta et al. [in preparation](#CIT0017)), prompting the need for neurodiagnostic testing.

The American Clinical Neurophysiology Society (ACNS) Guidelines have typically been followed as the minimum technical requirements for performing neurodiagnostic studies, including the conduction of electroencephalograms (EEGs) (ACNS Guidelines 1, 3 and 5) (Acharya et al. [2016](#CIT0001); Kuratani et al. [2016](#CIT0020); Sinha et al. [2016](#CIT0028)). Such guidelines acknowledge that there is "no single best method" of performing a neurodiagnostic procedure for every circumstance, but they offer "standards considered minimum for the usual clinical recording." (Sinha et al. [2016](#CIT0028)). Given the increasing neurological sequelae in many COVID-19 positive patients (Zhou et al. [2020](#CIT0033); Mao et al. [2020](#CIT0023); Rabin April 1, [2020](#CIT0025); Li et al. [2020](#CIT0022); Talan March 27, [2020](#CIT0029); Talan April 1, [2020b](#CIT0030); Gupta et al. [in preparation](#CIT0017)), it is the opinion of the authors that the use of neurodiagnostic testing may increase. It is department policy to adhere to standard infection prevention measures when performing neurodiagnostic procedures on both normal and infected patient populations (Bonner and Davidson [2020](#CIT0005)). However, the ability to perform such tests may be limited due to the highly contagious nature of the virus (CDC April 2, [2020](#CIT0010)), which ultimately led our facility to adhere to stricter airborne isolation protocols. These stricter protocols require the use of PPE, including face masks, face shields, gloves and gowns, which were of the limited supply (CDC March 31, [2020a](#CIT0008)). In this article, the authors share our experience with performing a bedside-continuous video-EEG study (cvEEG) on a patient with COVID-19, while adhering to ACNS guidelines. We then offer proposed changes to our procedures and protocols to accommodate resource limitations and the safety of EEG technologists.

Case {#S0002}
====

A 73-year-old male presented with malaise, fever, chills, and shortness of breath in the setting of remote smoking history. Fourteen days prior to admission (PTA), he attended a spring festival. Ten days PTA, he noted a cough and fever and was tested negative for influenza and streptococcus. A few days into waiting for the COVID-19 test results, his symptoms worsened, prompting an evaluation at our hospital. He was febrile, had oxygen desaturations, a negative chest X-ray, tachycardia and was diagnosed with viral myocarditis.

He was then considered a person under investigation (PUI) for COVID-19 and was placed in an airborne isolation unit which was recently converted into a "COVID-19 ICU Unit". He was started on plaquenil and within a day, he developed acute respiratory failure and septic shock, requiring emergent intubation and pressor support. He was sedated with propofol (30--80 mcg/kg/min) and fentanyl (75 mcg/hour) gutta (gtt, i.e., drip) and was paralyzed with cisatracurium. His test for COVID-19 returned positive. As the paralytic and sedation were being weaned, the respiratory therapist and ICU nurse noted a convulsion-like spell and a transient left facial droop. He was febrile at 101 °F. Sedation was increased, and levetiracetam was loaded. The patient was too unstable for head imaging. Teleneurology consult and cvEEG were performed.

At this time in our hospital, PPE was being rationed. Despite the highly contagious nature of the COVID-19 (CDC April 2, [2020](#CIT0010)), the neurology team believed that the critical nature of the patient's condition warranted an EEG, and therefore the test was ordered. All EEGs performed by our laboratory follow ACNS guidelines on EEG testing per standard protocol (Acharya et al. [2016](#CIT0001); Kuratani et al. [2016](#CIT0020); Sinha et al. [2016](#CIT0028)).

Many of the EEG technologists on duty at the time the test was ordered were in the high-risk category for COVID-19. Criteria that designates a staff member as high risk, per the CDC, includes people of advanced age, and those who have pulmonary, kidney, liver or cardiovascular disease, diabetes, are obese or immunocompromised, and those at any age who have a "serious underlying medical condition" (CDC March 31, [2020b](#CIT0011)).

Additionally, given the rationing of PPE, it was discouraged to have more than one EEG technologist in the room at a given time (CDC April 1, [2020a](#CIT0007)). Therefore, the decision was made that an experienced technologist, capable of troubleshooting any issues in a timely manner, perform the EEG. Thus, the EEG laboratory manager performed the routine EEG study. Below, she shares her experience: "*As I walked through the doors to the new COVID-19 ICU unit, the nurses were busy just like in any ICU setting. The main difference, all the doors were shut completely. After putting on the PPE, I slid open the room door, walked in with the EEG system, and shut the door behind me. Before COVID-19, I had entered so many rooms over the years with patients in either contact, droplet and/or airborne isolation*." "*I performed each step of the EEG hookup as I was taught so many years ago. Measure, mark, clean, apply, glue and wrap the patient's head. During this process I noticed that this ICU experience was different. The room had a noticeable 'lack of activity.' The nurses only entered for brief periods of time - just long enough to complete a medically necessary task. By the time I finished the hookup, I realized I had been in the room touching this patient for over an hour*."

The routine EEG study was performed according our departmental policies which are based on the ACNS Guidelines. Photic stimulation and hyperventilation were not performed since the patient was comatose. The EEG machine was placed more than six feet away from the patient. Due to the nature of a diffuse encephalopathic pattern noted in this patient's EEG, the routine EEG was converted into a long-term bedside, continuous video-EEG (cvEEG) recording to assess for electrographic epileptiform abnormalities. The cvEEG recording lasted approximately 44 hours. No electrode maintenance was necessary due to preserved recording quality. Disposable EEG electrodes were used for this patient (*Ambu, Columbia, MD*).

Upon completion of the study, the EEG equipment was cleaned according to the most current hospital policy for COVID-19 infection control recommendations. This included cleaning the equipment in the room with hospital-approved Super Sani Cloth Germicidal wipes (*PDI Healthcare, Woodcliff Lake, NJ*) (EPA \# 9480--4) (EPA April 2, [2020](#CIT0016)) and then by a nurse again outside the room prior to leaving the COVID unit. The equipment was then covered with a clean plastic drape and stored in a designated room for two weeks. This equipment quarantine period was chosen given the most current knowledge at the time (Lauer et al. [2020](#CIT0021); CDC March 20, [2020](#CIT0013)); the survival period for COVID-19 on various surfaces was thought to last for days (potentially up to a week), and it was thought that an extended equipment quarantine for 14 days was reasonable. In order to minimize cross-contamination, a decision was also made by the medical directors and EEG lab managers to assign specific EEG machines for use only in COVID-19 units, following any updated sanitation protocols between patients.

Discussion {#S0003}
==========

It is vital to adapt processes for neurodiagnostic testing for the COVID-19 pandemic, a unique situation where infection prevention measures and patient management protocols continue to rapidly change (CDC April 1, [2020b](#CIT0009)). Some institutions may have already implemented alternative processes, but there is little to no literature published (at the time of this manuscript preparation) on these changes. Therefore, after our first experience with performing an EEG on a COVID-19 patient, we felt the need to share our experience and the changes we made to our testing protocols in order to help others, realizing this will likely be an iterative process.

At our facility, we have adopted two new protocols. The first is a protocol titled "Guidance on Neurodiagnostic Service Delivery during COVID-19 Outbreak" ([Appendix A](#app0001)), which describes triage recommendations for suspected or confirmed COVID-19 patients based on the medical necessity of an EEG (CDC March 7, [2020](#CIT0014)). With aggressive social distancing and quarantine strategies, the objective of this protocol is to protect our patients and staff, preserve PPE, minimize disease transmission and maintain patient throughput. Key considerations in decision-making regarding medical procedures should include: Urgency of procedure (medical necessity)Health and age of the patientDuration and proximity of staff exposureCurrent and projected COVID-19 cases in the facility and region causing demand for PPEImmediate supply of PPE available within a facilityStaffing availability

Although it is true that some COVID-19 patients in the ICU have symptoms of a neurologic disorder, medical necessity to use EEG as a tool to guide patient treatment and management must be established. Non-urgent studies should be deferred, if possible, to a future date. EEG may be deemed necessary for cases of assessment and management of subclinical status epilepticus and cases of unexplained mental status, where EEG testing results could alter the medical management of the patient.

The second adopted protocol is titled "Modified EEG Recording Process: COVID-19 Protocol" ([Appendix B](#app0002)). This document lays out a modified EEG protocol which limits the technologist's exposure time with the patient. These steps may seem simple, but they delineate a clear approach to performing neurodiagnostic tests on these patients. For any PUI or positive COVID-19 patient, the revised EEG protocol includes the following: For a neurodiagnostic test to be performed, a Medical Justification Form (**see** [Appendix B](#app0002), [Figure B1](#UF0001)) is required of the ordering patient care team, approved by the interpreting neurologist, and placed in the patient chart.The Manager of Neurodiagnostics and Epilepsy will determine which technologist will perform the procedure. A risk assessment of each available employee will be performed by the Manager of Neurodiagnostics and Epilepsy to determine the appropriate person to perform the procedure (CDC March 31, [2020b](#CIT0011)). Experienced EEG technologists will be preferred to perform procedures on these patients as a high level of judgment and critical thinking skills, and experience in recording and assessing the waveforms are needed. Also, real time troubleshooting skills in this critical situation are necessary in providing the optimal balance between quality and efficiency while minimizing collective staff exposure. If an appropriately skilled EEG technologist is not immediately available, then performing the procedure may be delayed until one is available.If possible, a specific portable video-EEG system will be assigned to be used with PUI or positive patients. This system may be stored on the unit designated for such patients.All appropriate PPE, following the current hospital policy, will be used by the EEG technologist to complete the procedure.If possible (e.g. not on a ventilator), ensure that the patient is also wearing a N95 mask.If the patient has received a nebulizer treatment, the study will be delayed by at least four hours, if possible, to reduce the chance of potential airborne transmission created during the nebulizer treatment (CDC April 1, [2020a](#CIT0007)).The portable video-EEG system will be kept outside of the patient room, if facility and workflow allow for it.A reduced array of disposable electrodes (ACNS March 25, [2020](#CIT0003)) will be applied with paste and tape instead of collodion; in addition, applying a head wrap will be considered to help secure the electrodes. Electrode placement will be documented in the EEG per ACNS guideline 1.Depending on the patient's clinical presentation, a minimum of 8 electrodes will be used with the following electrodes (**see** [Appendix B](#app0002), [Figure B2](#UF0002)) preferred due to their ease of application and relative high utility in screening for clinically relevant EEG abnormalities as shown by other authors (Gururangan et al. [2018](#CIT0018); McKay et al. [2019](#CIT0024); Rubin et al. [2013](#CIT0027); Tanner et al. [2014](#CIT0031); Westover et al. [2020](#CIT0032)). Left: Fp1, F7, T7, P7, O1, C3Right: Fp2, F8, T8, P8, O2, C4Midline: CzEKG, Ground, and ReferenceVerbal and tactile stimulation activation procedures may be performed if clinically appropriate.Hyperventilation and photic stimulation activation procedures will not be routinely performed.At this point, the EEG technologist will exit the patient room.The EEG monitoring technologist will immediately start monitoring the live study remotely and annotate the EEG, marking any clinically or electrographically relevant areas. If no EEG monitoring technologist is available, then the EEG technologist will proceed with the next step and contact the interpreting physician.The interpreting physician will be immediately notified that the study is up and running, and the interpreting physician will immediately review the live study remotely.The EEG recording will be acquired for a minimum of 20 minutes.If the EEG must be recorded for a longer time period (i.e. converted to a cvEEG), the EEG technologist may leave the unit unless any additional electrodes are needed per interpreting physician's request or to better secure the leads. If further setup needs are required, the technologist will need to re-don PPE and reenter the patient's room to address such issues. The expectation is that the EEG technologist will infrequently need to reenter the room.The cvEEG will be monitored remotely by the EEG monitoring technologist and will be reviewed remotely by the interpreting physician as clinically required.Electrode maintenance may not be performed daily depending on EEG recording quality, PPE supply, and clinical situation.The cvEEG recording should be discontinued as soon as medically possible.EEG equipment will be cleaned following CDC guidelines (CDC April 1, [2020c](#CIT0012)).

After the first iteration of the revised procedures and protocols were completed, the authors wanted to assess the potential impact these changes might have on reducing the exposure time between the EEG technologist and the patient. A resulting time analysis was developed evaluating the timestamps for various EEG setup and takedown activities ([Figure 1](#F0001) and [Table 1](#T0001)). Our standard EEG protocol requires that the setup and takedown activity be recorded on all EEGs, allowing us to do such a time analysis retrospectively. To reduce the variability, the same EEG technologist that performed the test on the COVID-19 patient also performed the modified protocol but on a healthy individual to eliminate unnecessary patient exposure. The same donning and doffing PPE and isolation protocols and procedures were followed. Donning was done outside of the patient room. Doffing was done inside the patient room.10.1080/21646821.2020.1756132-T0001Table 1.Time analysis.Standard EEG Protocol on 1ST COVID Patient  Standard EEG (Collodion)Process activityTime per activity (min)Cumulative exposure time (min)Hookup process**Tech enter room**, set up equipment, start EEG system & recording, prepare supplies1616 Full 10/20 Collodion hookup completed; verbal/tactile stimulation performed6076 Dispose of supplies; doff PPE; **Tech exit room**379Removal process**Tech enter room**, stop EEG recording; stop and unplug EEG system382 Electrode removal; clean patient hair/scalp1092 Clean EEG system and components in room; doff PPE, **Tech exit room**799Total Tech Exposure Time  **99**MODIFIED PROCESS TO DECREASE TECH EXPOSURE TIME  Modified EEG (Paste/Tape)Process activityTime per activity (min)Cumulative exposure time (min)Hookup process**Tech enter room**, set up equipment, start EEG system & recording, prepare supplies1212 Modified 10/20 Paste/Tape hookup completed; verbal/tactile stimulation performed2133 Dispose of supplies; doff PPE; **Tech exit room**235Removal process**Tech enter room**, stop EEG recording; stop and unplug EEG system237 Electrode removal; clean patient hair/scalp845 Clean EEG system and components in room; doff PPE, **Tech exit room**651Total Tech Exposure Time  **51** 10.1080/21646821.2020.1756132-F0001FIG. 1.Time analysis.

There was an overall reduction in time exposure (99 min vs 51 min) from setup to takedown. There was a notable reduction in time during the EEG setup (76 min vs 33 min). During the setup, the majority of time reduction (60 min vs 33 min) was attributed to electrode application and running of the routine EEG. There was a slight reduction in time appreciated during the EEG takedown (10 min vs 8 min).

The difference in the EEG setup time is likely due to the reduced electrode array as well as the application with paste/tape rather than collodion. The difference in the EEG takedown time is likely due to the reduced number of electrodes that needed removal as well as the procedure to remove the electrodes (e.g. no need for collodion remover, etc.). Of note, our COVID-19 patient had relatively sparse hair compared to our healthy control, which likely underestimated the time saved in our modified protocol as compared to the standard protocol. Other limitations of this time analysis include the small sample size as we compared only one test in each category done by a single EEG technologist. We have started to collect more data and will be able to better compare the two methods in the future. The strength of this time analysis is the built-in internal control as the same technologist was utilized in both the standard and modified protocol.

Conclusions {#S0004}
===========

These are trying times presenting with unprecedented circumstances which require us to alter how we care for our patients. The increased neurological sequelae seen with COVID-19 will likely increase the need for neurodiagnostic studies, such as EEG. Our experience with performing a cvEEG following our standard procedures and protocols lead to increased concern of potentially unnecessary patient exposure time. The modified protocols and procedures have limited the studies to be done only on selected patients. In addition, for these studies, the authors believe the modifications will lead to a reduced exposure time without a clinically relevant compromise in EEG quality. Based on previous studies, the reduced electrode array has been shown to have high specificity but limited sensitivity (Gururangan et al. [2018](#CIT0018); McKay et al. [2019](#CIT0024); Rubin et al. [2013](#CIT0027); Tanner et al. [2014](#CIT0031); Westover et al. [2020](#CIT0032)). The electrode choice is an evolving process for us, and additional electrodes could be applied as needed. Other options to consider are the use of subhairline arrays, disposable EEG caps or bands. The authors want to emphasize that the modifications will likely continue to evolve with experience. We hope that this manuscript stimulates ideas and collaboration. In the end, our goal is to continue to deliver high quality patient care while decreasing patient exposure times and optimizing resource utilization; this will allow us to not only take care of patients but take care of each other as well. Stay safe.
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**PURPOSE**

This guidance is intended to clarify the protocol for performance of Neurodiagnostic Procedures (extra operative EEG and Evoked Potential procedures) during the COVID −19 outbreak for procedures being performed on patients who are: under investigation for COVID-19 (PUI)COVID-19 confirmed patients

**Intended for**:Hospital LeadershipPhysicians

**PROCEDURE**Only studies deemed medically essential will be performed on a Patient Under Investigation (PUI) or patient with positive COVID-19 status.If the procedure is thought to be medically essential, the requesting physician should complete the Surgical or Medical Justification for Procedure Form.Hospital medical staff, neurologist attending/reading, and Neurodiagnostics (EEG/EMU) medical director should weigh the value of the procedure vs other key considerations.Only orders that have been vetted and approved with the "Medical Justification Form" and by the Neurology consultant/EEG Reader will be performed.

**KEY CONSIDERATIONS** Length and proximity of EEG staff exposure: For patients with known or suspected COVID-19 infection, we have seen conflicting guidance as to whether droplet precautions are sufficient or whether higher-level "airborne precautions" are necessary. EEG technologists can typically take 30 minutes to 1 hour to set up and 20 minutes to remove leads while in close proximity to a patient's head/face. For long term EEG, the possibility of multiple entrances over time to a patient room is a consideration as well. Please refer to "Revised EEG Recording Process" for a modified process and procedures in performing an EEG on a patient.Current and projected COVID-19 cases in the facility and region: Adhere to current hospital recommendations at the time of study.Supply of PPE available to the facilities in the system: Adhere to current hospital recommendations at the time of study.Staffing availability: The Epilepsy Program Manager or Manager of Neurodiagnostics and Epilepsy will determine which Technologist will perform the procedure. A risk assessment of each available employee will be performed by the Epilepsy Program Manager or Manager of Neurodiagnostics and Epilepsy to determine the appropriate person to perform the procedure (CDC March 31, 2020). Experienced EEG Technologists will be preferred to perform procedures on these patients as a high level of judgement/critical thinking skills, experience in recording the waveforms, and assessing the criticality of the situation is needed in this setting to provide the highest quality, most efficient patient care and decrease staff exposure time to the patient. If for some reason an appropriate EEG Technologist is not available, then performing the procedure may be delayed until an appropriate EEG Technologist is available.Urgency of procedure: For a neurodiagnostic test to be performed, a Medical Justification form ([Figure 1](#F0001)) needs to be filled out by the ordering patient care team, approved/cleared by the interpreting neurologist, and placed in the patient chart.Health and age of the patient, especially given the risks of concurrent COVID-19 infection during recovery.

We will update these recommendations as further guidance is issued.

**Modified EEG Recording Process**

**COVID-19 Protocol**

Version 2.0, April 3, 2020

Version 1.0, March 26, 2020

This protocol is to guide the Neurodiagnostic Service Line with the steps/actions needed to complete a procedure on a patient who is presumptive positive (i.e. Patient Under Investigation (PUI)) or positive for any pandemic outbreak, including but not limited to the COVID-19. Adhere to the following steps as best as possible when performing EEG or cEEG procedures, realizing that deviations may arise for patient specific reasons: For a neurodiagnostic test to be performed, a Medical Justification Form ([Figure B1](#UF0001)) needs to be filled out by the ordering patient care team, approved by the interpreting neurologist, and placed in the patient chart.The Manager of Neurodiagnostics and Epilepsy will determine which technologist will perform the procedure. A risk assessment of each available employee will be performed by the Manager of Neurodiagnostics and Epilepsy to determine the appropriate person to perform the procedure (CDC March 31, [2020b](#CIT0011)). Experienced EEG technologists will be preferred to perform procedures on these patients as a high level of judgment and critical thinking skills, and experience in recording and assessing the waveforms are needed. Also, real time troubleshooting skills in this critical situation are necessary in providing the optimal balance between quality and efficiency while minimizing collective staff exposure. If an appropriately skilled EEG technologist is not immediately available, then performing the procedure may be delayed until one is available.If possible, a specific portable video-EEG system will be assigned to be used with PUI or positive patients. This system may be stored on the unit designated for such patients.All appropriate PPE, following the current hospital policy, will be used by the EEG technologist to complete the procedure.If possible (e.g. not on a ventilator), ensure that the patient is also wearing a N95 mask.If the patient has received a nebulizer treatment, the study will be delayed by at least four hours, if possible, to reduce the chance of potential airborne transmission created during the nebulizer treatment (CDC April 1, [2020a](#CIT0007)).The portable video-EEG system will be kept outside of the patient room, if facility and workflow allow for it.A reduced array of disposable electrodes (ACNS March 25, [2020](#CIT0003)) will be applied with paste and tape instead of collodion; in addition, applying a head wrap will be considered to help secure the electrodes.A minimum of 8 electrodes will be used, with the following electrodes ([Figure B2](#UF0002)) preferred due to their ease of application and relative high utility in screening for clinically relevant EEG abnormalities as shown by other authors (Gururangan et al. [2018](#CIT0018); McKay et al. [2019](#CIT0024); Rubin et al. [2013](#CIT0027); Tanner et al. [2014](#CIT0031); Westover et al. [2020](#CIT0032)). Left: Fp1, F7, T7, P7, O1, C3Right: Fp2, F8, T8, P8, O2, C4Midline: CzEKG, Ground, and ReferenceThe process of performing the 10/20 system of measurement may be abbreviated for electrodes being placed. Electrode placement will be documented in the EEG per ACNS guideline 1.Verbal and tactile stimulation activation procedures may be performed if clinically appropriate.Hyperventilation and photic stimulation activation procedures will not be routinely performed.At this point, the EEG technologist will exit the patient room.The EEG monitoring technologist will immediately start monitoring the live study remotely and annotate the EEG, marking any clinically or electrographically relevant areas. If no EEG monitoring technologist is available, then the EEG technologist will proceed with the next step and contact the interpreting physician.The interpreting physician will be immediately notified that the study is up and running, and the interpreting physician will immediately review the live study remotely.The EEG recording will be acquired for a minimum of 20 minutes.If the EEG must be recorded for a longer time period (i.e. converted to a cvEEG), the EEG technologist may leave the unit unless any additional electrodes are needed per interpreting physician's request or to better secure the leads. If further setup needs are required, the technologist will need to re-don PPE and reenter the patient's room to address such issues. The expectation is that the EEG technologist will infrequently need to reenter the room.The cvEEG will be monitored remotely by the EEG monitoring technologist and will be reviewed remotely by the interpreting physician as clinically required.Electrode maintenance may not be performed daily depending on EEG recording quality, PPE supply, and clinical situation.The cvEEG recording should be discontinued as soon as medically possible.EEG equipment will be cleaned following CDC guidelines (CDC April 1, 2020 c).
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